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[57J Abstract: 

PURPOSE: To raise productivity of L-phenylalanine by desensitizing an enzyme to be 
subjected to feedback control with L- phenylalanine and culturing a transformant 
transduced with a gene encoding an enzyme having removed feedback inhibition. 
CONSTITUTION: A bacterium of Escherichia coli deficient in tyrR and tyrA is 
transformed with a DNA fragment encoding an enzyme having removed feedback 
inhibition substantially with L-phenylalanine by variation of one or more amino 
acids of DS and CM-PD and with a recombinant vector containing DNA fragment 
encoding SK to give a transformant. The transformant is cultured and L- 
phenylalanine produced in the medium is collected to produce L- phenylalanine 
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(54) [*930*IH «l:J:4L-7x^^77^>^)»zfc 
(57) 

A#rtf£. ^LTSK£n~K-f6DNAJSrfi-£r^tf*fi 
-C, ty rR t t y r A X$k<0^ J fc 



-]- 



ig^ ty r R , t y r A &fc^£:fcjfcbfc4>grr$> 

7 3lW 3 — r** y-D-77 \f J ^7^7 n 

7 -y t? (EJTDS tBfrt) "Cfcot, _a_ 

S. aj_oF!C3- K£*t£t><Otf>N;*:*8J:9 1 8 1# 
S. a r oG jCJ-K£Jx3t><PON;£«Si:9 1 5 0# 

a<D^o y ya&d^^^a&ics&SJxfcDs, A 

7 = >-^S^^W^V^S^iaift$n^DS. a r o 
GiZ*- h'£tlZt><D<DHJ£i&£') 1 4 6iB<07^ 

r oGCj- K£;h,£t><D<DN;fc88J:9 1 4 7#gcpy 

*-*->aa*w yDW>^ntc{a^^H3 3 2#@ 

r oG CJ" K^fH5t><0<DN^«3J;«9 1 4 7&94>y 
r oG ICj- K£ix£t><O0>N;*;$igJ;9 1 5 7#0cO^ 

WTCM-PD^f) "CfcoT, 3 3 0#B<7)ir 

y yas^mj >^jstc{a^$tufccM-PD, 33 

CM-PD, 3 3 0#@(0-try >mm$k&it!Kfrl,1ZC 
DNAfcrtfir. *>*$K*^— - £ (£ITSK^n) 

^^-K-r^DNARif^di^^^y fcramaiffl^^ 

5^t^»tt5Mfel:J:iL-7x^77^y 

[000 ]) 

;mx*>z 9 L-y*. y -><o±m^ 

[0 0 0 21 

/ fS»ffl^tL-7x-/V7 7 ^>^ 



= y £/H^6t><OlC. *3fBPS5 6-1 8 9 0. 1§MK5 
7- 1 7 0 1 8 4, ft BPS 58-103398. 

6 1 -9 25 6 5, **08¥l - 1 0 4 1 6 0. SB8#§8 
W08 7/00 2 0 2rf5£>5 0 tfcL-7x-;P77- 

y *Ajfc<D£Jlt*£flH^t><2lc, »BBHB6 1-l-2 8 
8 9 7^$>0> iM^n/^7!)^A»^t 
<0IC. 4£§8Bg6 0-3 4 1 9 7, #$836 0-2 4 1 9 
2, #§flB36 1 -2 608 9 2, <ft0Pg6 1-1243 

7 5jW0b*l-O*6. 

[0 0 0 3] L-7xn;l,77^y^M<; 
7^-/i/77^ >o£M£?t LTV^-5o 

(0 0 04) «*tt*»C*5V^T, 7^~hV<5/^©^» 

-D-77 tr/^y d 7 - y yaj/y^— 

(£JIT, fDSj <hB&-r6) *\ /U7x^t K7 

*~i> (EiT. rpDi fctt+a) /i^sfc*. 
[0 0 0 5) r^p^fDSico^ma^ j» 
xyt7«pyi;^m d ski* 3 ma<DTj y if 

>TAA«»aEi-6*t* s *ne>*i"C^S. rtibJl. a r o 
F\ a r oG , a r o H tmXtlZMfc+lZ. a- KgF 
ft, ^tL^HL-T^n L-7x-/l/77-^ L 

- H7'F7r>'l;J;57-{-M ; /^S^Slti. 

[0006] me>^ai5^fcB8+*iaaE^i*vT5 

>/®KJi]tt, 8ttC&££ftT^6 [ a roF : Hudson, 
G.S. and Davidson, B. E. , J. Mol. Biol., 180, 1023 
(1984) / a r o G : Pavies, W. D. and Davidson, B. E. . 
Nucleic Acids Res., 13. 4045 (1982)/ a r o H : Ra 
y. J.fct ct al, J. Bacterid. , 170. 5500 (1988)] . 

10 0 0 7] ^ y&£®mmz.tkm-rz>t:wc 
^rn, l- h yy h^7>icj:^^^ — K^y^jaw 

^Bfejtjxfcgftg a t om m&ZtlX^Z [Ray, 
J.M. et al, J. Bacteriol., 170, 5500 (1988)] 0 U 
t*{,t£&b* a r oH ^jfecODSfil^, <&^>D 

a r ob\ a r oGiCn- K^n6 
DS^7>f- hv^ y ^ H*«Hi* Lfc (><D*Jffl AS J: 9 

[0 0 0 8) L-^-n ->>(CJ:5 a r oF fl>7«f— K/< 
y ^ ffi JI^M £ UTri^i. 1 /n-^ vie 
<fc6$lcr [Weaver, L.H and Herrmann, K. M. , J. Bact 
eriol., 172. 6581 (1990)] &$> V . N^«3<t0 1 4 8 
tl^L-7-n y >Md>L-n>f^^M{C!a^U 
V^5o 
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10 0 0 9] 7 4-h's<y?m&1>mfo£tlfZDS<O0 

tot>tlZ<D*Vh6,> ^b'7-*bt>\ a r o P m — 
K£;h,6DS<0 1 52#@<OL-^ /V^ ^ L — 

^> y d ^ >£S£lC S&i" ^ - £ -C L - f nr > v IC J; ^ 

*»*»C*JfflLrv>-5 [IMWO8 7/0 0 2 0 
2], v^V*frtt a r oG ICJ— K£ft5DS 

-fa c tic J: 9, L-^zc^/vr^^lcJ:*^- K 
/V^lfli»LfcDS ( a r oG ) lr«liLXL- 

8-1 033 98] . Lft'lftPb. ^^Ttt. L- 

fcDS COf^^^COT— ?&(/L~:7:r. ^^7 7^>CD 

[o o l ol w:PDicov^Ttfc^i\ ytr 

mj tn-t^ &£xfiPDm&*G-rz>2®mmm (c 

pheA j: tWixSiafc^M n - K£;frvCfc> 0 » ^ KV 

#&<OTS/&£*W*g^£;ft-a>* [Hudson. G. S. a 
nd Davidson, B. £. , J. Mol. Biol., 180. 1023 (198 

4)] . y~-)\>Tv~i'*vkmmz&m+ttMz\^ 

;^)CM-PD(07x-;i/77^>'l:J:57^-hvv 
tv^o y^^^tftr^hvyw:, CM- 

PDW2|H(Nm5 2 26S@i:3 3 8f@) Oh 
y ^F7r >£5&£^ < 5M' [2-fc Kndpi/-5-^ 
ho/<yi;/V7;i/7t^^Ayov^ K] -ClMllrt*5 

f=r LTV X <5 [Gething, M.J.H. and Davidson. B.E., Eu 

r.J. Biochem.. 78. Ill (1977)] Q $.it, 

<btt. CM-PDCON^ffig^f) 3 3 8#@(Ohy^h 

t^PB¥l - 2 3 5 5 9 7] 0 £blC % ^b'7-Xb 
n % wtv 3 3 8#@(OH;/h77^icO&I{a 

y :/ h7r>'-7;^>-t y y-/o y v<or ^ / 
&K?iJ£#A-t-6r£ ^1:7 V'<y?m 

££A?i&bfc [I^irwo8 7/oo 2 0 2] „ rn 
bit+^x. 3 3 8ti(Dh y y by 7 >mmco^x 

[0 0 1 Ij 3y*fflHB«IC*5^Ttt, PD« 



©»ttSr^ri-6»5H (pd) ^*>»?, 7^ 
t&tobtiX^Z. 

[0012) temmz^-v-tzmm+oib. mmb 

[Ozaki. A. et aL . Agric. biol.chem. , 49. 2925 (1 
986)] . RXf&Bb [Ito. H. et ah . Appl. Ilicrobio 
l.BiotechnoL. 33. 190 (1989)] ll7x-^77^> 
id J: * y << - K'< y * mmbm&i$H1z&fc*\zr>\ -x 
«^Lri^-5. 7tUyf-^>y7^ 5c 

^OPD&e^<Di£^Hl£$|£LT:fc!K xi/s!) 

tr-^DK-i 20 P h eAa e^^oftisittfeaw 

LTt*5 [Follettie. M.T. and Sinsky, A.J., J. Bac 
teriol., 167, 695 (1986)) 9 Lfr^ftfrb. => V 

IPft lc*sv *x y 4 - hv< 2/ * $ ft*:S*$&fc 

(00 13J L-7x^77-^4^^t^ 1 

p&-t*„ ) &hz>&. ^wy • ^yosKfcfc^ 

a r oL ttx^^-frtCilfrgP-riV^gft, [J. 

Bacteroii.. 165. 226 (1986)) ie©lSj£^^£$ 
tlXl^Z [J. Bacteriol.. 165. 233 (1986)] * L*>L 
^bxVx!) t7 - ^y ICJSv^-CSKSrL-^xnA' 

x&b-r. ^»*mmmic*s\,^x&&tfhz<o*x*>z> 

(4^53886 2-1 4 368 2) ft 

[0 0 14] Sfc^v^y k7 • =»y(C*5v^f HU 

* fftfSttftd ^W^r^y^^f*feK^<o2^ 

^I^DS (^fe^j: U aroF t a r oG ) . SK 

(iS^j: IT aroL ) . f LtfDy>7^ 
^7x7-f (Mfc+t U tyrB ) C0jfife^<0|g 

^^r«j©ii-a, ^t>&zy4-y'<y?&mmma*&& 

-rZ^t&tobilX),^ [J. BacterioL. 108. 400 (1 
971)] . Z<DTy r R*V^S(Gi&fc^ (tyrR) 
A^^Ufc^^^y t7 • ^!l^^TL-7x^7 

<t b7j-7b<om [Biotechnol. Lett., 4, 223 (198 
2)] % [^rfflBSS 7- 1 7 0 1 84] &frbtlX^Z>. 
I^ttl t y r R it^^X^Lfc^^Ji 'Jt7- 3 
ytC^A-f^fe^^: U tta r oF ^r ph eA (Q2o 

[0 0 15] 

tM-zztxhz. 

[00 16] 
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tm&zwwr^ smzw&-rz>. h^wkx-rzK 

? *—-?ftZnfc&£tlit, tyrR , t y r A Mfc*<D 

loo i 8] ^^tc*®^wii> erstc-*-* 

M^tfcot, a«3ftS t y r R , tyr A gg^frft 

ttfc^^a: y bra^ODST^ot, aroF C^ 
-K£ix5t><D<0N;fc$£J:9 1 4 7f BOTX/^^y 
^S^T^^y^^aSlCSm^iLfcDS, a r oF 

tc=i— K£ft3fctf>coN;fcaS8J:9 i 8 l#0(Di?y ^ 
* =/U7 y - >&£iC®&£ ft*: D S % a r oG 
l^-K£ft*t>?><ON;fciSU9 1 5 0#gCD:/py V 
ag^n^v^&gKg&SftfcDS. a r oGi:^ 
K£ft£t><£>tf>N»8J; 9 2 0 2#BcDX 7 
^ ut^y^Sl:Si^HfcDS, a roG lu-K^ 
*l6t>CO<ON;fc*5S<tD 1 4 6#@(Or^/^7^rV^S 
&TXs<7*>mmizqi&£titcr>S, a r oG lC^- 

flM'yo'f ^>V&g|cS&£ft3 3 2#@oW^ 
S*&g#y >^S&gJcS|ft;*ftfcDS, a r oGI^- 
V£tlZ>h<D<DNm*&±*> 1 4 7#gOT«^^V^S 

K£ft£t>tf>ON;fc*SU l 5 rig^ft-^S 
y 9 ItWR $ ftfc^ ^:*!Jfc:TJ|f&3fe«>CM-PD 

•c*>->r, 3 3ot@oty >si^oy v&ske 
^n^cM-PD, 3 3o#sco-ty>'^s^r^ 

7*>6&&&^@&£ft*:CM-PD, 3 30S§(Dt 

[0019J *%m&btt, $fx^Dtr- ^\)<d 

?t!£®DSmB*&9v~-->9'L. r ft 



- K/< y 9 Wgfrtm £ ft P D £ 3 - Ki" £ 

y 0^&£[CM-PDig^P£* d— ->;/U :/utT 
"^r^A - 79 h77" >>*A£45I?6X&&& 

Stc r ft £ S A $ 6 d k tc J: 0 7 j - hv^ * 
[0020J DS&^-VTZmfc+tPDZ:' 

- h'-rz>mB*zm*&ixtx t y r r &&*. t y r 

A&fc-Tco^ L/c^ >oc y e r • y ic^A LfcBfrJ: 
9t>, DS^n-Kf Sififc^t PD$r=»-K-r5iae 

<DjjfcL~7~ ->VT 7 ~ <fcv^ k 

10 0 2 1) WT. *»W&»lBfciMH-*. 
[0022] *|BWc*5tf6. hV^*Pfl##A? 

[002 31 ife-f , ytT-3yK-12cOMC 
1061^ (ATCC5 3 3 3 8) O^fefrDNAcfc 9 
PCRj£^^T a r o F , a r oG a^$:^ o— - 

[0 0 2 41 a r o F &t/ a r oG £1*, L-^n>> 

[oo2 si mfc*\z&&z±czitz\a*^ y^>e 

h P C Rm [PCR Technology. Stockton press (198 
9)] , SB^^W^^iEfe [Kramer, W. and Frits, H. 
J., Methods in Enzymology, 154, 350 (1987)] 

&&*&&m+zm&*#*»mMi-z*mi> t< nit 

[0 0 2 61 DSICfc^T, fillOT^/^Cil^^ix^ 
T^/&&&£J1, L-f-n^ L-7x^77^ 
*>5^I1L™ hyy h77 V|CJ:67^— K^s/^ 

T5:/&&££v>9o flJx tf a r o F iqotJ- 
tt6DST«l, N^igfilJ:*) 1 4 7#g(07^7^V 

[0 0 2 71 DStCfe^itec^T^ y^g^cofg^t 
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Z>£?tj:ik<DTx /m£^4>aHIUrtH\ 3cUC$£ [0 0 2 8J 



T $ / K S ft gg ft 

ttfciSgE^J 



a r o F 1 5 1 4 7 & g A s p -* A s n GAT-AAT 

aroF33 1 8 if § Ser-*Phe TCC^TTC 
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GCG- 
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>>*i*lC:fcvvmPD. k^x!) fcT • =t9Kl^-C 
liCM~PD^3-K-r5tf«5Sf5^-0^li. £lTO 
J: $fc LTfrofc 0 

[0 0 3 0] *1\ L-7x^77 = >$rMl:4I 

7-3'jK-l 2tC*5^5CM-PD(D«^«clC^C 
7^»0^ "T4*>*>. 3 3 0#S4Hry 

&LfcCM-PD£&^*ctj&s-C£*: 0 

3 3 o&b<d± v >mm&T *s<7 *>tmmizm&L 

fcCM-PDi>J:tm3 3 o#B<o-tr ]} y&mskfc&x 
*LfcCM-PD*raftrtL;fc*r*K «**^7-f-K 

[003 1 j *&m-?\>^PDfg&*G'tz&mbn. 



[0 0 3 2] PDIw*5t>T. Smzf£t&£tL 

7 - ^11 J: 6 y a - K»< y * la^co^ ;*? -x a icb§ 

PDlC*5V^T«N^JgiHJ:») 2 3 5#@, x*>z!)t7 
• =»yoCM-PD^*JU^TttN^S8<W«fc9 3 3 OSS 

ouy >-#i£4>©&-e&9, x^nr^D 

<DCM- PD(ON^5S(W«t 0 3 3 OfBOt »J 

[0033] pdic^>t, ttor$yi»as^H« 
^v>rriN^figwj:i3 2 3 3t->x u • =i 

^<0CM-PDIC^^TrttN^5g«i:*) 3 3 O#0tf>-fe 

y y >f£&~-<om&%£~t 0 $ 6icijx3/ 

[0 0 3 4] SKjfifirT-lCOb^T^i/x y tj • => y 
K-l 20MC1 0 6 l^M^DNAiriPCRjl 

>^*St o^Ttt P C R^O, &&£9fT*>JxT 
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(0 0 3 5] ^±cD^&r^^^nam^^DNA^ 

6fc*!)iC > lac , trp , P L%r<D^i/xi J) t7 • 3 

ffiMDNA!C(t, tt^TfflJte^^ h^^^/V [Be 
rg, D. E. and Berg, CM., Bio/TechnoL, 1, 417 (198 
3)] . Mu7r-^ 0 9 98 5] 

Jfin^H&NUftx [Experiments in Molecular Genetics, C 
old Spring Habor Lab. (1972)] £r A3 V 

10 0 3 6] JxLR*fi*®** Lfcx«>x 5 t 7 • 
3!)©*Htt, jfe f tyr R jftgfrpg p-^^J; 0 
fTofc 0 ^^xJJ t7 * 3JJ K— 1 2(OMC 10 6m 
(OM^DNA«l:»?PCR^f^t t y r R &fc^£ 

r t ic* »j ^ t y r n mfc+zmm u 

ClO^I& t y r R &fc^-frj:^ y t T • => »J £>Sfefeft: 
±g>jE&fr t y r R tAtl&Z-ZZ o£ 9 *aisH£jfS 
**.*:#]# Lfc*firHHHg>¥»cJ:9 t y r R( Q^^ 

Lfca^*si tr • ay«rigrtLfc 0 ^ t y r r 

tiLtogto&mm^ gtcfrjfc t y r R gfe-7»3r{Mtelfrf- 

0, t y r R jae^<D^jfe LfcaiV» y tr • => y £ja 

10 0 3 7] ly^rAie^^* Llfcx^x yt7- 
^ y <Dfc# j> t y r R <Djfr£ t ft® »C L T»l* $ tl 5o 
t y r A mfc+n^uy^^tfrrt Koyt^a- 

tl£X& LltVk^Xt^U 7 ^ L-7x i/V7 7 = 

[0 0 3 8] SI±(0^&T^Lfc, 7-r-hv<y^Ra 
$##lfc£ftfcDS:fc<fcU<PDi&fc^ ^LTSKig^ 
^^^tflBlfeXLDNA'e^gfS^^nfc t y r R , t y 

r Aife^^^Lfcxc/x y tr • 3^«st % m 

[0 0 3 9] &m^ZL-7 x.^A<T7~>$Lmm(Dm 

mmn. 3L&m % Bm* i-y&v&mcfoiziD 



7^-yw», =*^t&<$<r>t\igm 

T y >&TV^nr>A*£0&&TV^£ 

[0 0 4 2]fl«»i*t|liLm ^^Bl, 

L - ^ D *f £ tt§##^ * * § £ jgg 

[oo4 3] me><Dttic. j»iciSDT. y>»*y 

[004 4] «F*tt#Stt^T"C 16-72 B*R8!!2fc 
i"6(D^J:<. ^Mgli3 0t-4 5t^ 
Htt5-7fcffl*p-*-6 0 pH^&lcttM«fcsi,>tt 

[0 0 4 5] %B#^ & G> L - !7 * =/U7 7 = ><D£& 

[004 6] ^izft^tzUmzJ:*), 74—Y*yt 
tyrR , t y r A &fc^O^ Lfc J^>;c y tr • a 

[oo4 7] sit. mmmizm^MicM^m^m-r 

So 

[0 0 4 8] 

(i) m^^y tr • =*y< p a r oF a^igpsia 

x-isx.}) fcT - 2©MC1 0 6 l«c^P>v il 

cO^Cjft [J. Mol. Biol., 180, 1023 (1984)] id|e«S^ 

V ^_aj^Fifl^^OJfiSKJlJicS^V ^TE^I#^ 
1 RV 2 ^-t-Jt 5 /^^D N A 7*7 4 -e- 2 

BB^J#^- 1 GCTAACCAGT AAACCCAACA 
mm^r2 CCCACTTCAC CAACCACTTC 

^K^J^rWr^o CC0^fe^DNAirDNA^7><-7— 
$r^l>T3i^y v^b<T>-^m [PCR Technology, Stockto 
n press (1989)] «oTPCRTO$r^l\ 1. 5 
K b pODNA»rtt£m: 0 EjtT. il^llOTti: 
:^^1S^EcoRV^Eco4 7 1 I 
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I -egJBrLfc&, pHSG3 9 8 (^fBigtt*!) (D Sm 

<Dfc&m&V9-v=>* i j t7 • ^ y K- 1 2<D JM 1 0 

x^^-^Bft^t'C a r o F iifc^aMfAgixfcr 

^U'pHSG- ar o F frgtjtl/c. IlCpHSG- 
a r oF «^ Eco R I t H i n d 1 I I XWWi 
-t 6 Z £ tc J: *) '&ft * r oF a^tD N A»rtt £ % 
T4DNA l J^»f-C/7^^ KpTSl (4S&¥2- 
1 92 1 6 2) O Eco R 1 , Hind i I \ tyW(7 ? 

3|)K-1 2<ODS^ (ajroF, a r oG , a r o 
H) »AB3 2 5 7$rfS^U (AB3 2 5 7» 

U ^7^-; KpTS- a r oF ^SU, 
[0 0 4 9] fc^ 7?*^ KpTS- a r o F &t K 
o^^7^$:fl^^ [J. Mol. Biol. , 175, 33 
1 (1984)] IC£oT3EJ*teJI£fTfcofc&, AB3 2 5 
7^l:^S^L, rvtr->j;viBtt«S:«i»a % lm 

fc a r o F iifc^fr^jT-f KpTS- a r o 

Fl 5& tfpTS- a r oF33 ^IL hV<y 
^»**fflfe£ixTir>ftt> a roF $:W7^-; K£r 
«ft5AB3 2 57Klctt, EI 2 id^ril 9 £'>*&i6tc 

KV<y^Rl^$r§:it. L-7*=:^77^^L-h!; 

ft*. 

[0 0 5 01 (2) x-i/^V t7 • J!)O a r oG &3E 

a r oF afe^cQ^^^HLX, 3>|^£l a r oG ft 
&F£El1§Lrt: 0 &*IW>:*:& [Nucleic Acids Res., 1 
0, 4045 (1982)] lcSra£;h/tV>S a r oG ijfc^Offi 

N A 7 ^ - 2 * $: £t£ L * 
S2?!l#^3 CTATTTACCC CGTTATTGTC 
R?tt#^4 ACTCCGCCGG AACTGACTAA 
R^7>f^-tMC 10 6 1 ft<0*fcfrDNA£fflV^ 
t\ PCRKr&&fifo\ 2. IkbplODNA^ 
^fco SXT. iiw«^fJ:5l^ rotf***^ 
ffg gS a I 1 £ E c o 4 7 111 -C^»f Lfc8L p H S 
G 3 9 8 (£*gi£4±&) OS a 1 1 £ Sma 1 i?JBr&£ 
T4DNA^-f^^Lfc B Z<Dfr&m&to 
-CJM1 0 9^^t, ifl/:^7A7^ 
J-/«ftg)^-C a r oG ig^^A^^7^ 



KpHSG- a r oG £&ffiLfc« ^tpHSG-^ 
r oG ^» E c o R I t H i n d I I 1 XtyWtf- 
Z>Z £\Z± V&t>tl1t a r oG ^tf ^DNA^ 
T4DNA1)^- tf-C, pTSlO Eco Rl, H 

1 n d 1 1 I«77^>htlSiUc 0 CO^iS 
^tAB 32 5 7ft ( a r o F . a r oG x a r o 

H) trJBfnSMU iWU7y^!)vmWt 

U ^7^U*pTS-£ioG$:r#l^ 
10 0 5 1 ] ZvyJyTs* K£ a r o FO^j: 

AB3 2 5 7ttC«»U rvif^y^Btt* 
£Bl#L*: P wfc,bfl>ffift*»b 1 0mM©L-7x-^ 
77- >W»iO*/|>*»fc£* b*:|gft£ 6 ftiSiR U 
r ix e> <0® ft J: ♦> 7 * - ? mmmfa Z ft/tar 
oGife^^Wt67 , 7 * ^ KpTS- a roG4 , 
pTS- a roG8 x pTS- a rod 5 V pTS- 
a roGl 7 . pTS- a roG29 , pTS- a r o 

g 4 o »»fc, 7-f-K/<y^pa»^jiwfe$nrif^v* 

a r oG fr^fr:/?*^ K£#W1-aAB 3 2 5 7ft 
tt. © 3 K^fii 0 ^>iS%{- 1 0 mM<D ->V 

[00 52] (3) DS6#£7£teOfcj£ 
i^eOggSI a r oF (2I1&) ftl/g^g a r oG 

(6iS) «r**f6^7^S K*, DSfittWLft 
Vvx t7 • 3j| AB3 2 5 7ftl£&ALT?£K*K 

&ft£lfc®U *:*Ve*l£AJ 1 2 5 98 (AB3 2 5 
7/pTS- a r o F 1 5 ) „ AJ12599 (A B 3 

2 5 7/pTS- a roF33) . A J 1 2 5 6 2 (A 
B3 2 57/pTS - a r oG4 ) , A J 1 2 6 0 0 

(AB3257/pTS- aroG8 ) , AJ 1256 

3 (A B 3 2 5 7/pTS- a r oG 1 5) , AJ 12 
601 (AB3 2 5 7/pTS- aroGl7 ) . A J 
12 602 (AB3257/pTS- aroG29 ) R 
1/AJ 1 2603 (AB3 257/pTS- a roG4 
_0) i:^U^ 0 Ztlt><Oft* Mttii:LTAJ125 
6 3, A J 1 2 6 0 3^r-ttt^H> ^v-rc !)t7'3»J 

FERM BP-3567, FERM BP-35 

[0 0 5 3J r iX h(DMW&%t%\<D L-7x n;U7 7 ^ 
V^S^ifi [Sugirooto. S. et al.,J. Biotechnol., 5. 
237 (1989)] ^l^t2 4«HLt Z<Dm%m 

^ [Gollub, E. et al. f Methods Enzymol. , 17, 349] 
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*«tt«r»l3tbfc. -tote*. ©2 t0 3lc^rj;7 

2:&§J<Di><S> (xv/x Jlhr-n!;AB3 25 7/ 
pTS- a r oF ) X'\±L-?-vi/><Dft&TX'm%m 

<OT?l* L - ^ a »\ZX Z> 7 4 - K>< y ? fS£*5ft?& 

yt7^!)AB325 7/pTS - a r oG ) Tf*. 

fc. SfeK3!&M<0 9*>A J 1 2 5 6 28tf>DS|*. L 
ft-CC**£tf-r?fi*<* L - 7 zn^T? Id 
[0 0 5 41 (4) 7*- K'<? ftfcD 

y 4— * mmttMtezthitv s ojte^rfc *a 

roF15 t a r oF33 , a roG4 t a roG8 , 
aroG15 , a roG17 , a roG29 , a r o G 

4 0ptil&W&\\$: ffiZ<Olj& [Molecular Cloning (Sec 
ond Edition), Cold Spring Harbor Press (1989)] 

[0 0 5 51 2Slfe0|2 7 -f -KV<y^ $il 

(i) ^i/f/^f y ^^isPD^mw^ 

*1\ W^U/^fy *A?>PD&£^ [Follet 
tie, H.T. and Sinsky, A. J. . J. BacterioL, 167, 69 

5 (1986)] t©ttHtt«r»Sttr» -7uVs<?tVV 

Kpaj i 6 frco N c o i mxto&g&m&y'f 

^h7r->>^AAJ 12125 (FERM-P75 

4 6) iz&mztiz. ar^/iBBiiiay*^ 

7-!) ^^Ot><0^it^<T. WlT^^SMo 
TV*fc. fctc, P1C<^7^^ KpPHl 4±iCfc6^ 
Hfy^^JJ £A * 7^ h77-/>^ Ae07zc — tVT 

7 - >&m&<D p d&=» — Ki-eai^^iajisej»j^^ 

9 F77^^MJ 1 2 2 59 (FERM P-3 

5 6 5) *^«#*Ji5t>©«:ttfflUfc. »&*by<( 

- K/< ? * mmmmv* z nti^vit^ ut:^23 
[oo5 6l (2) xvxytr* =»»;o£P&^cm- 



WWot, ^MDNA^IUlt 
[0 0 5 7 J ^*B«>3:» [Hudson, C.S. and Dav 

idson. B.E., J. Hoi. Biol., 180,1023 (1984)] Icgg 
%£*VC^6 p h e Aa fe^iQjfiSeB^tCS^V^T, $X 

-1 0) «rii»<D^j5fe-eft*^iaLfc. 
E#l#^7 TCAACAAGCT GGAACGGACC 
E?"l#-^8 CGCCGATTTA CCGCCTTGAG 
IB^J#^-9 CCGTCTCCAA CCACCCCCGA T 
K#f#4§-10 ATCCGGCGTG ATTCCAGACG G 

7 t 8 l*ZH?1 %p h e A MBT(D±tiL*5£tJTmiZ.m 

*>*»fc*«*K 3 3 0#BOiry >&&£&<OK^J<!: 
*B!^&£fto 0 J-v-oi y t7 • K- 1 20CM-P 
DiT'Uf/^fy !>A-7^h7r-^^A©PD 
£ri»V^lRH£«:*jrU »fcaci/*ll k7 • ^yK-i 
2 0>CM-PDtf>N;fc*8J;!? 3 3 0#@Myy^S 

12, ^i/Wty »>a - 7? hyr— * >?j*pd<7> 
N^*si:»j 2 3 ssa^y vas^^a^-r^t^-c*> 

6. S£g2^J#*!-9, 1011, 3 3 0#B<ZHr 

10 0 5 8) ftlC. MfrDNAl m fiW#^7 
iS^t/l 0<O7 m 7^^r— &<0&(03 0 0 n g x £^MJB 

V^T, PCRKJS*fTt\ 3Kb p£0. 

5KbpODNA^ft. iPCROm ^/W 
y y^t,<D^&[Erlich, H.A., ed. , PCR Technology, 
Stockton press (1989)] K. Lfc^ot, XtiHKHKJ&S 
d (Thermal cycler, Perkin Elmer Cetustt®) 
t94tlM 5 0t2m 7 2 < fc3#W<&RS£«r 

A»f)t$rT^o-Ay>r^^ffiiL. DNA0ft*y K 
(Gene Clean, 7 =■ ->tt*S!) ^t^V^T® 

5r^^TPCRS^5rtTl\ 1. 8Kbp(DDNA^ 
«r^fc 0 r g)»^»{WI»»S» B a m H I <b P s t I T$J 
mLltte* 1. 7Kbp(ODNA»r^$:r^D-A7*^ 
m^ftftlciOleJ&U ^^-(O^t^^^^ KpH 
S G 3 9 8 (^igitttK) tPB a mH I % P s t I ^J»r 
V!I%T4!) #-Him^T*M Lit. Ztl%*i/=c V t 
7 • =»yK-l 2(DKA1 97^ ( p h e A ) KJ&Hfe 

iiiK^^u^ 3 3os@^ty>«i^7*ay 

[0 0 5 9) (3) Ji>^ ytr-^DK-l 2 t y 
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£-f „ oi>x. !lt7^!)K-l 20W3 1 1 0$l(l 
AiBteflr^ct^A-T) h^h^ 

1 2<DME84 24^ (H f r P04 5, thi , r e 
1 AK t y r A : : T n 1 0 * ung-K n a d 

B) (BA38eW«3rJ:9A^) <oi££?A:$r U 3 

ayK- 1 20W3 1 1 0 ( t y r A ) #£®^Lfc«, 
rottlc* (2) V&1t75*S Kp PHABir^RC 
lfcte*9»ALfc # xi/x'Jt7 oyK-12(D 
a^SlEfttt [W3 1 1 0 ( t y r A ) /pPHAB] 
l*«IWK*K*ilT*J9. $f€#^liFERM BP 
-3 5 6 6"Cfo6p 

10 0 6 0] (4) PD»*iStt©»)l 
xi/xytr«3l/K-12 <DW 3 110 ( tyrA ) 
/ (pPHAB) **<D®ft£. LJSifc£/H^T3 7t\ 

Z^TO. SraM^ft^ l^f /HSr&tf 2 5 OmM0> 
M^tUMHHfc (pH7. 5) KBMUfcfc, 3 0# 
M. 4©tf>j©#£ (20kHz) 

[006 1] PD»*«tt«3e«:. *«fe [Cotton, R.G. 
H. and Gibson, F. , Meth. in Enzymol. , 17, 564 (197 
0)]ICfto£ o -ffc*>*>. «»*«fc/lIV*T* 1 mM-y 

OmMH^W ( P H8. 2) «RTF, 3 TC 
10 lNMNfrTM ^A^x.TRl£«r 

^f^rs/f (Bio RadttSO ^oha-zH: 

-CttO. 5mML-7 3 :-;U77^>#4T'C§l<»i 
&£#lfi££*t*tf>(C#U fSfCM-PDIiSmM 

[0 0 6 2] $ 6 1: L - 7 1 ^^7 7 - V ^S5ET"C 
3. 5X10 2 U/mgg6t> 8E»S!<Dt*&J±l. 5 
c: corbie J: >)> ^S^^A^^^dricJiD, L- 

[006 3] (5) xv/xyt7-3y^iiCM- 



(2) Plflllc E3»*l 1-1 4C0^DNA$r 
ftSU C;h,£fflcn:3 3 0#@<Di>:y V&gtfT*/< 
7*:/&^gi;:tifcLfcCM-PD:fc<fct/3 3 0#BC0 

y vase****** uccm- pd«t=»- Ki-sae 

*«:«*Lfc. ihfe©a^«r**fi-*:/?*5 Kf* 
^ilpPHAD, pPHATermt^Lt, 
R?'J#-*r 1 1 CCGTCTGGAA GACCGC 
CCGA T 

mm^r 12 ATCGGGCGGT CTTCCA 
GACG G 

£^J*-& 1 3 CCGTCTGGAA TGACGCCCGA T 
1 4 ATCGGGCGTC ATTCCAGACG G 

[0 0 6 4] Z(Dyy^z. KfcW3 1 1 0 ( t y 

r A ) Wca#(D»WEjfktt«rfflV>t»Att. 4*, 
W3 110 ( tyrA ) / p P H AD, W3 1 1 0 <t_ 

y r A ) /pPHATe r mKttf WlWC^K$ 
*l/C:J39. ^te^tt^iX^nFERM BP-365 

2<bFERM BP-36 5 3*tfc^ 

[0 0 6 5] (6) PDB*fitt©»6 
xi/xyt7-=i»)K-12»W31 10 ( tyrA ) 
/pPHADft, W3 1 1 0 ( tyrA ) /pPHAT 

e r mtfcOSaftS:. LJ0ifc£ffiV^-C 3 7 1 

■C (4) *B*fcL,T\ PDI»*ett©«3t«rfTofc. 

(4) £jS^CM-PDf*5mM 

[0 0 6 6] £61^ L-^x^^r^^OMNfeT 
■C<Or*ib2«l<D^S!BI»<Def4«:l. 5X1 0 4 U 

#4 Of&ig^^^^^cb^-C^fc. 
10 0 6 7] SK»6f«)»ft 
*i\ xVx»)t7 - 2<DMC1 06 1» 

e>, a*ojtrttc«or« &fe#DNA£&ttjL,fc. 

[0 0 6 8] ^fcJOZfcft [J. BacterioL, 165, 

233 (1986)] tc£3B£ft,T^3 a r o L iSfc^jfiggg 

2* (EJOS-^l 5-16) ta#©*jfe-e<k*^rtL 

K^J#^" 1 5 GCGGAGCTCG AGAAGTGGTG 
fi£^J#-^ l 6 ACTCAGAATT CCTTCCGAGC 
1 5 t 1 6 ttgjt-gft a r oLa ^O±«&I/Tfe 
«l3f*H*EW«:fr*-5. C^M^DNAtDNAT 4 
74-?— £%^X3LA'!) ? 7* [PCR Technolog 

y. Stockton press (1989)] «otPCR5^$:^ 
V\ 1. OKbpODNA^ifc. J£A~F> @5IC^ 

•tj: z<Dmn&mmm%E c o r \ t sa c i -c 

UOKUfct, p H SG 3 9 8 (^jSiglfcK) (^ Eco R 
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1 t S a c 1 3)»r%»£T 4 PN A D g£ffitvrg3S 
UpHSG - a r oL ^it 

[ 0 0 6 9 J t y r R , t y r A &fc^#;X 

ikLfc^^y tr * ^ d k- i 2cow3 i i 

cci/a:y h7 • 3 UK-1 2<DMC 10 6 l&a><b v ii 
%OJjm\Zft<>X&&&DHAZteMLtL t) £*0 
0)2:8* [J. Biol. Chem., 261, 403 (1986)] lC^J££ 
flX V ^ 6 t y r R &fcT-C0&gKff»Cg-3l >T SB^1#^ 
1 7&tM 8 (CTjk-f £ ? f££f&D N A7y J 2 

Be^iJS^- 1 7 GGATTAAACC TTTGCACCTT 
1 8 GTGGATGAAT TCACCACCGA 
r tl b tt^rtl^Jx t y r R& tt*>±MlkVTmz. mt 

^-^fflt^T^vy y^b<0%i£ [PCR Technology, St 
ockton press (1989)] \Zfc^X P C R£j££*rfct\ 

1. 9Kbp(ODNA»f^fc e ^<0»f^$:^K^ 
Ec o R I tH±n_d I I I TiiOBr L/cUL pTSlO 

Ec o R I j: Hin d I 1 l(0»tT4DNAy^ 
— fe?£/8^Ti£*S LpTS - tyr R fr&fc 0 

[00701 KtCpTS- t y r R frftjPRftjg Bg I 1 

I t^JiL t y r R mfc*ft<D&3 0 0b pcO0rtf£;fc 
^«9cO»r>T-SrDNA^>^^>i/^y b (^ 

~A tyr R fcflj£Lfc. ffifgLfcpTS-A lyrR 
Srrtv'* !)t7'3!)K-l 2tf)W3 1 1 Ot* (H£j® 
fcW$tt?U»)A^) K&AbT. tB^tel§&;i££CL 
T&feft±g>jEftft t y r R ftfci^ iALtAjj^ 
jlRifife^®^ LfcttSr 3 -:7/M-d^u i/>®mz 
XVmViL. t y rR igfe^^tfcJ->3: V bT - 
^»/K-l 2£>W3 1 1 0t&&mf&LtL o 
10 0 7 1 ] &\Z X %&Ut t y r R flfc^cQ:X3c Ifc 

yer-ayK-i 2 cow 3 1 1 ott£* h 

is? b^4 islsm&&ZWL®L1t. fclC, :^txy 
*!ltr-a5K-l 2 0ME8 4 2 4tfc (H f r PO 
4 5 - t h U re > A K t y r A : :Tnl0, 
ng"K n a d B ) (@fti8eSF&0r J: V A^) 
**«r«^L, 3 71CT1 5^WAHLT«^fia*tf 

*> t y r R % t y r Aa CfO^ Lfc^V^ y t T • 
=3 y K — 1 2C0W3 1 1 08c£Erf§Lfco 
10 0 7 2] HlfeWS L-7x^77^V«i 



(1) ^^-hV^^®W^»^$nfcDS^><t^CM 
-PD, ^LtSK^Mt5 tyrR , t y r A gfc 
l-<r>!K$;V1Z^>*}) t7 • =• y K- 1 2<OW3 110 

nmm\xnbfiiz. 7<<-vs<v?m-£&fmztiit 

D Site^^W-f 5 p T S - a r o G 4 frMBBBR E 
c o R I £ H i n d I I I r oG 4 gfi#£ff)9aj 
U :^=SrpBR3 2 2WEc_oR I, _Hi_nd I 
1 1 ^^fWll^A Lty?^ ^ KpBR- a r oG4 

0y2-e^6nfc^^-hv<3/^m$^^$^cM- 

PDi&fc^£^Tt-*pPHAB&. » Bam H 
1 j: Hin d 1 1 1 ^mfcLCM-PDj&fc^£W:7 7 
y^hSrSlOfflU ^OBrfrfrpBR- a r oG4 <Q 
Bam HI, Hind i I I,9nMMfcfc# AU^7^ 
^ Kp BGA 1 &tfS^Lfc 0 £ frlCp BG A 1 £ E c o 
R 1 £ Bam H 1 XMiti^X aroG4 - phe A WiX 

Ec o R K BamHI^MCSAU^^^ K 
pMGAl^SUo 

[0 0 7 3] ^UpHSG- a roUEco R I t 
Sac lt ar o L Mft&ty 9 ttl U I^^pMG 
AlO Eco Rl, S_a_c 19)«IMa:fc#ALT:/7* 
^ KpMGALl?:iSLfc, 

[00 7 4] ftlCpMGA 1 ^fcttpMGAL 1 t y 
r R , t y r A ft^O^ l/t^m y b T • y K 
-12OT3 11 OtfcK^ft^ftaSAU ^©fc&J*W 
3 110 ( tyrR , t y r A ) /pMGA 1 36&lfJ& 
1 1 0 ( t y rR > t y r A ) /pMGA 

l i zigrfLLit* m^m^nttt^tiA j 1 2 7 4 

Oflc. A J 1 2 7 4 1 U *XW«C#K (FE 

RM P-1 2 99 9. FERM P-13000) L 

[0 0 7 5] (2) L-7x^77->Mi4 

mmxtzm.isitmK&miA j 1 2604^l-7x^ 

2^hy^i^29. 4g, !)V»2^1)!>A6g, 

i<kthy^Ai g> ^br^-^^2g, 

3g, t^7;y«2m g> fn^7 5mg$r7K 
ILtC^tf) ^rffi^r. 3 7t:-C2 4R5fF^«L^ 0 

[007 6] 
[&2] 
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m m 



L - 7 x - ^ 7 7 - > 

m m a 

<g/L) 



A J 1 2 7 4 0 



4.0 5 



A J 1 2 7 4 1 



4. 3 1 



[00 7 7] 

R^J*^ : 1 
E^J«>JfeS : 20 

m<n& : — 
SOT 

GCTAACCAGT AAACCCAACA 20 
RFJ#^ : 2 
ga^Jtf>££ : 20 

i« •. -#« 

mmmm : ^#dna 

cccacttcac caaccagttc 20 
em»* : 3 

KWO*S :20 

ATG ACC GAC CCA CCA ATT GTT GTG GCC 
Met Ser Asp Ala Pro He Val Val Ala 

1 5 
TTC ACC GAA GAA GCC CTC TAC AAA TTT 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe 
20 25 
GAC GGT GAG ATC GAG CAG CTA CCA GCC 
Asp Gly Glu lie Glu Gin Leu Pro Ala 
35 40 



&M<omm : format ^mm 
tm 

GTATTTACCC CGTTATTGTC 20 
KPW"* : 4 
m&MD&Z : 20 

m<o& : -#« 

ACTCCGCCGG AAGTGACTAA 20 

mm* : 5 

&ffl<0&£ :948 

tm<o® : mm 
m<r>& : -*m 

&&\<Dm& : genomic DNA 

mm 

revi bacter iunil actof ennenturo) 
: AJ12125(FERM P-7546) 



TAT TTG GGG CCT GCC GGA ACC 48 
Tyr Leu Gly Pro Ala Gly Thr 

10 15 
GCC GAC GCC GGC GTA TTC GGC 96 
Ala Asp Ala Gly Val Phe Gly 
30 

AAA TCG CCA CAA GAA GCT CTC 144 
Lys Ser Pro Gin Glu Ala Val 
45 
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GAC GCG CTC CGC CAC GGC ACC GCC CAC TTC GCG GTC GTC GCC ATC GAA 192 
Asp Ala Va! Arg His Gly Thr Ala Gin Phe Ala Val Val Ala lie Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC m 288 
Gly Ser Asn Val Gin He lie Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

TCC ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser lie Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG CCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr lie Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 

195 200 205 

CTA CCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CGT GGC GTC GAC CTC ACC CGC ATC GAA TCC CGC CCC ACC CGC AAA 720 
He Arg Gly Val Asp Leu Thr Arg lie Glu Ser Arg Pro Thr Arg Lys 
225 230 235 240 

GTC TTC GGA ACC TAC CGC TTC CAC CTG GAC ATA TCC GGA CAT ATC CGC 768 
Val Phe Gly Thr Tyr Arg Phe His Leu Asp He Ser Gly His He Arg 

245 250 255 

GAC ATC CCC GTC GCC GAA GCC CTC CGC GCA CTC CAC CTC CAA GCC GAA 816 
Asp He Pro Val Ala Glu Ala Leu Arg Ala Leu His Leu Gin Ala Glu 

260 265 270 

GAA CTC GTA TTC GTC GGT TCC TGG CCC TCC AAC CGT GCA GAA GAC AGC 864 
Glu Leu Val Phe Val Gly Ser Trp Pro Ser Asn Arg Ala Glu Asp Ser 

275 280 285 

ACG CCC CAA ACC GAC CAA CTA GCT AAC GTA CAC AAG GCG GAC GAA TGG 912 
Thr Pro Gin Thr Asp Gin Leu Ala Asn Val His Lys Ala Asp Glu Trp 

290 295 300 

GTT CGC GCA GCA AGC GAA GGA AGC AAA CTT AAC TAG 948 
Val Arg Ala Ala Ser Glu Gly Arg Lys Leu Asn 
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305 310 315 
M^m^r : 6 mPlOmm : genomic DNA 

ffiW>££:948 m&L 

mmm : &® : ^nf^fi) $a • h^-^^-mb 

$fi<0$fc : revibacteriumlactofenuentum) 
: m& : AJ12259(FERM P-3565) 

ATG ACC CAC GCA CCA ATT CTT GTG GCC TAT TTG GCG CCT GCC GGA ACC 48 
Met Ser Asp Ala Pro lie Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 

15 10 15 

TTC ACC GAA GAA GCC CTC TAC AAA TTT GCC GAC GCC GGC GTA TTC GGC 96 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 

20 25 30 

GAC GGT GAG ATC GAG CAG CTA CCA GCC AAA TOG CCA CAA GAA GCT GTC 144 
Asp Gly Glu lie Glu Gin Leu Pro Ala Lys Ser Pro Gin Glu Ala Val 

35 40 45 

GAC GCG GTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala He Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin He He Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

Ta ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser He Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 HO 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 

195 200 205 

CTA OCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CCT GGC GTC GAC CTC ACC CGC ATC GAA CCC CGC CCC ACC CGC AAA 720 
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0 



11c Arg Ciy Vol Asp 

225 

GTC TTC GGA 
Val Phe Gly 



GAC ATC CCC 
Asp lie Pro 

GAA CTC GTA 
Glu Leu Val 
275 

ACG CCC CAA 
Thr Pro Gin 

290 
GTT CGC GCA 
Val Arg Ala 
305 

mm* : 7 

mfl\<n&& : 20 

smtom : mm 

h#n^- : mmx 
mmw& : fc<nm& ^dna 
mm 

TCAACAAGCT ggaacggacc 20 
E^IJ«# : 8 
mm<D&£ : 20 

mm<DM : mm 

m<n& : -*m 

mm<omm : ®,<omm ^dna 
mm 

cgccgattta ccgccttgag 20 

WWO&Z : 21 
K^'JcoSI : mm 

m<o& : -*« 

EWtoaa : -&&DNA 
EH 

CCGTCTCGAA CCACGCCCGA T 2! 
EM»9 : 10 
R7'J©fi£ : 21 
K^03S! : ftflt 

&<o& : -#« 

E*J©«« : te<om* #f£DNA 

atcgggcgtg attccagacg G 21 
mm^: 11 



ACC TAC 
Thr Tyr 
245 
GTC GCC 
Val Ala 
260 

TTC GTC 
Phe Val 

ACC GAC 
Thr Asp 

GCA AGC 
Ala Ser 



Leu Thr Arg lie 
230 

CGC TTC 
Arg Phe 



CAC CTG 
His Leu 



GAA GCC 
Glu Ala 

GGT TCC 
Gly Ser 

CAA CTA 
Gin Leu 
295 
GAA GGA 
Glu Gly 
310 



CTC CGC 
Leu Arg 
265 
TGG CCC 
Trp Pro 
280 

GCT AAC 
Ala Asn 

AGG AAA 
Arg Lys 



Glu Pro Arg Pro Thr Arg Lys 
235 240 
GAC ATA TCC GGA CAT ATC CGC 768 
Asp lie Ser Gly His lie Arg 
250 255 
GCA CTC CAC CTC CAA GCC GAA 816 
Ala Leu His Leu Gin Ala Glu 
270 

TCC AAC CGT GCA GAA GAC AGC 864 
Ser Asn Arg Ala Glu Asp Ser 
285 

GTA CAC AAG GCG GAC GAA TGG 912 
Val His Lys Ala Asp Glu Trp 
300 

CTT AAC TAG 948 
Leu Asn 
315 

&n<0&Z : 21 

mm<om : mm 

htfn^- : am* 

mm<omm ^<omm ^asm 
mm 

CCGTCTGGAA GACCGCCCGA 
2 1 

mm* : 1 2 
mm<om : mm 

mm<omm : fovmm &&sm 
mm 

ATCGGGCGGT CTTCCAGACG G 21 
ffi^JS-^- : 13 
E#M>S* : 21 

mm<om : mm 

htfps*- : mmvt 
mmnnm : ttwmm ^j&dna 
mm 

CCGTCTGGAA TCACGCCCGA T 21 

: H 

mm<0&£ : 21 

mmom : mm 

mm<omm : low ^dna 
mm 

ATCGGGCGTC ATTCCAGACG G 21 

mm*4 : is 
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20 



mi\<D&Z : 20 
&&1<0® : 

GCGGAGCTCG agaagtcgtc 
m>m^ : 16 
IE?dO££ : 20 

w*om : mm 

ACTCACAATT CCTTCCGAGC 20 

mm^ : i7 

ffi#itf>g£ : 20 



MfcDNA 



TCACCACCGA 



GGATTAAAGC TTTGGAGCTT 20 
&?'J#^ : 18 
E^IJCO^^ : 20 

fi^ioa : mm 
m<o& : -*m 

mm<omm : fa<omm 
mm 

GTGGATGAAT 
2 0 

[Ml] pTS- a roF , pTS- ar oG (Q^ 
IM2] ^$iM&xm£t &* t o F ODSflH&Ctett 

[HJ3] ^^aj&tfgjiag a r oG (PDSfctttC:fcMt 
[I35] P MGAlMpMGALl« 



[IU2] 



PCH»jj(orDF) 



PCR*ft(on>G) 

YZZZZft 



pHS6396 © 




pTS- ocoF)S 



pTS-on>G4 
pTS- oroG6 
PTS- oroGIS 
pTS - Qfpg?? 
pTS-.oroG29 
pTS - oro€4Q 




1 2 
L-^Dv>ieS(mM) 
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r 



[133] [m4] 




0 2 4 6 8 10 



L-7xz;l,77->iRK(mM) 
[05] 
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(51) Int. CI. 5 

C 1 2 P 13/22 
//(C 1 2N 1/21 

C 1 2R 1:19) 
(C12P 13/22 

C 1 2 R 1:19) 



C 8931 -4 B 



